The prevalent practice of press media planning in India is to use available circulation and readership data to draw up media plans that will give the desired "reach" and average frequency of exposure (OTS) among the target audience. Plans drawn through conventional, non-formal methods obviously lack in precision and result only in crude estimates of the "reach" and the average OTS.
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Every advertiser, whether in India or abroad, makes a decision about media planning at least once a year, if not more. In India the decisions have been based so far on intuition and non-formal procedures. But formal methods can help an advertiser to utilize his advertising rupee better. Motivation for an advertiser to use formal methods in media planning stems from two factors : 1) the expenditure in advertising is very high (the Indian industry spent Rs. 65 to 75 crores on media planning during 1974) and 2) the number of alternative media plans available is very large.
This paper reports the development of a mathematical media planning model which will be useful in Indian conditions. The presentation scheme is as follows :
I. Definition of the media planning problem which is consistent with data and research findings available in India. II. Review of the existing literature for solving the problem. 
III. A Minimum Reach and Frequency Model (MRF)
.
I. Problem
The problem of media planning can be defined as :
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Given
1. An advertising message and copy, 2. A set of media vehicles, and 3. The data on costs and audiences of the media vehicles, Decide on 1. The media vehicles to use, 2. The number and timing of insertions in each, and 3. Size, colour, and position of insertions, So as to Maximize (satisfy) the effect (measured in some way) on target audience for a (minimum) given budget.
The use of this definition requires : 1. A (set of) goal(s) to measure the effects of advertising in different audience groups and 2. Data about the effect of a) media vehicles, b) number of insertions and their timing, and c) size, position, and colour on the (set of) goal(s).
Since the availability of data for these requirements is not complete in India, it is necessary to define the problem differently. For this purpose, a process model of advertising is presented below :
Process Model of Advertising The advertising process starts with the total money available to (or required by) the media planner for buying time and space in different media vehicles (Box I). The planner, through some decision process, converts money into physical quantities like 1) choice of media vehicles and 2) size, number, colour, position, and timing of the advertisements in each of the media vehicles (Box 2). The choice of media vehicles, depending on the audience profiles of the chosen vehicles, results into providing zero opportunities-to-see (OTS) 1 to some members of the target audience group(s), one OTS to some others, and so on (Box 3). The distribution of OTS along with the other decision variables of Box 2 (size, number,etc.) influences 1 If a member of a particular target audience group (also called a segment) is in the audience of a chosen media vehicle, he is assumed to receive 1 OTS, irrespective of whether he actually sees the advertisement or not.
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Vikalpa the "effect of advertising" in each of the target audience groups. The effect is to be measured in terms of the states of mind and behaviour of the group, e.g., unaware, aware, knowledge, and lastly a state "buy" 2 (Box 4). The distribution of members of each of the target audience groups in these states will decide the level of sales generated during current and future time periods (Box 5).
For using this advertising process as a basis for developing a media planning model, it is necessary to obtain the following relationships either theoretically or empirically :
1. Relationship between the choice of media vehicles and the distribution of OTS.
2. Effect of distribution of OTS and other variables of Box 2 on each of the states listed in Box 4.
3. Relationship of distribution of the members of each target audience group in each state to sales achieved in current and future time periods.
Relationships 2 and 3 above singly or jointly are termed as response functions.
Media Planning in India Audience Data
For obtaining the distribution of OTS for a set of media vehicles, data on audience of individual media vehicles and on common audiences of two, three, etc., media vehicles are required. In the case of press, data on audience of individual media vehicles by several sub-groups (like different age, income, education, sex, and town classifications) and common audience of any two (not three and more) publications are available (National Readership Survey). However, in the case of radio and cinema, individual media vehicle audience data is also not available by sub-groups.
2 The ideal measure of effect would have been sales. However, there are numerous problems in expressing sales as a function of OTS. More and more advertisers and advertising agencies consider advertising as a communication device to move an individual from the state of unawareness to awareness, to knowledge, etc., and finally to the state buy. This approach of measuring advertising results has been termed DAGMAR and was proposed by Colley.
Research
Media research, as used here, implies research for obtaining response functions. Research on finding response functions (response of the target audience in terms of awareness, knowledge, etc., to variables like number of OTS, size, and position of the advertisement in a media vehicle, and intrinsic media factors like "mood"of the vehicle) is almost completely absent in India. Lack of such research might have been circumvented by obtaining judgemental response functions from practising executives.
Practitioners do indeed make constant judgements (almost instinctively) about size, position, number of OTS, etc., in relation to different states of response. For example, for a new product, the media planner may wish to create rapid awareness of the brand name and induce trial. For this he would vaty his decisions on size, number of insertions, or position as compared with an on-going product which has a stable market share. In spite of such judgements being made, discussions with the practitioners indicated that they would not wish to quantify these judgements.
An operational definition of the problem of media planning in India, therefore, has to contend with the following factors :
1. Detailed data is available on audience profiles for press only, and such data is not available for cinema and radio. 2. There is no way to obtain advertising response functions, at least in the near future.
Planning
Given the above constraints of media data and response research in India, only a press media planning model could be developed which measured the effect in terms of distribution of OTS in the target audience groups under consideration. An operational definition of the press media planning problem in the Indian context is suggested as follows :
Vol. 1, No.1. January 1976 Minimize the total cost of a press media plan to achieve the desired minimum reach and the desired average OTS per member in each of the target audience groups.
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The reasonsfor changing the distribution of OTS in the earlier discussion to minimum reach and average OTS in the definition here were twofold : 1) to obtain distribution of OTS from the type of audience data (available for press) will be almost impossible; and 2) a reasonable specification of such data (i.e., so many people should have one OTS, so many two OTS, and so on) by practitioners (or for that matter by anyone) will be quite difficult. On the other hand, the media planner is in a position to supply different weights in terms of average OTS to be provided to different target audience groups. Thus, the planner might assign an average OTS of say 15 to upper income group, of 10 to middle income group, and so on.
Minimizing the total cost rather than maximizing the reach and average OTS in several target audience groups has been chosen out of two considerations: 1) mathematical techniques which can optimize more than one function are not available and 2) the way marketing planning is (should be) done. In marketing planning, the overall marketing objectives are broken up as sub-goals for each element of the marketing mix. Considering advertising as a communications tool and the fact that response functions are not available explicitly, the sub-goals for media planning will be the desired minimum reach and average OTS per person. The cost of achieving these objectives will then be worked out to set a budget.*
The above definition of media planning 3 Reach is defined as the total number of distinct people in target audience group who have at least one opportunity-to-see the advertisement. The average OTS per member would be the total OTS generated divided by the estimated reach.
4 It has been found in practice that the user begins by asking for a minimum cost media plan to achieve the desired reach and average frequency. If he finds that the minimum cost is well above the maximum budget available for press plan he would probably ask for minimizing reach or average OTS.
poses two challenges for a model builder :
1. To estimate the reach and aveiage OTS (hereafter also called frequency) of a given media plan under the constraints of audience data available. 2. A method of selecting a minimum cost media plan which will achieve desired minimum reach and average OTS in the target audience group(s).
II. Existing Models
A survey of the existing literature will show that the existing methods leave much to be desired.
Obtaining Reach of a Media Plan
For obtaining exact reach and distribution of OTS of a given media plan, data is required on:
1. Audience of individual media vehicles, 2. Common audience of any two media vehicles, and 3. Common audience of any three, four, etc., media vehicles (called higher order overlaps) in each of the target audience groups is required (See Appendix I). Most of the published reports, including the National Readership Survey (NRS) in India, do not provide data on higher order overlaps. In the absence of data on higher order overlaps, two approaches have been repotted in literature for obtaining reach of a media plan: 1) empirical and 2) theoretical. Both the approaches have serious limitations.
Empirical Approach
The empirical approach pioneered by Agostini provided a single point estimate of reach. In this method,data on all the three aspects listed above was collected for a number of publications. The exact reach was then obtained using this data. The actual reach was then expressed as a function of audience of each vehicle and common audience of any two vehicles (1 and 2 above). For finding reach of any other set of media vehicles, the same function was used by substituting data on 1 and 2 which was available from reports like the NRS.
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Vikalpa This approach was valid only for those sets of media vehicles whose audiences exhibit media habits similar to the audiences of the set of vehicles from which the function of reach was obtained. The method, to be applicable to publications in India, requires considerable empirical work, involving money and time, on a continuing basis. Also, such a function in certain cases could provide an estimate of reach which was inconsistent with the existing theoretical results. As such, the empirical approaches were unsatisfactory from both the practical and the theoretical points of view.
Theoretical Approach
The theoretical approach was put forward by Kwerel. In the absence of audience data on higher order overlaps, theoretically, only a range given by an upper and a lower bound could be obtained within which the reach of a set of media vehicles would lie. This approach provided results which were consistent with the existing theory (Feller, Vol.1 , Ch.4) .Kwerel proved that the results of the Agostini-type approach could be relied upon only under certain conditions. 8 The theoretical approach by Kwerel also provided equally good results under the same conditions. However, certain inconsistencies in his results themselves indicated the possibility of an improvement in the method.
Reach and Frequency Models Media Planning models which consider neither the target audience response nor the scheduling of advertisements over time periods in selecting a media plan fall in this category . Major contributions in this category have been by Lee and Burkart, and Clarion and Mote.
Lee and Burkart Models
Models by Lee and Burkart could be used to select a press media plan which maximized reach or average frequency (or reach subject to a minimum average frequency constraint) in a single target audience group. The total media budget and the minimum and maximum 5 The conditions were that the ratio of the sum of common audience of all two distinct vehicles to the sum of audience of individual media vehicles be either very small (close to zero) or very large.
number of insertions to be put in each media vehicle (judgementally set by the media planner) were treated as constraints. Optimal size of the advertisements in each media vehicle was also determined by the models themselves.
A number of critical assumptions were made in formulating the models and in the techniques used for solving them:
1 . These models could consider only one target audience group, whereas, in practice a media planner had to deal with several of them.
2. The cost of an insertion in a media vehicle had been assumed to be proportional to the square of the number of individuals reading it. For example, if Cj and c-, were the costs of i s a full-page advertisement in media vehicles \ 1 and i a and their audience in the target audience groups were given by Aj and A] respectively, the model assumed, s Ai T c, =
The rate structure of different publications in India may not conform to this assumption. This can be easily verified through advertising rates of publications and their audience reported in the NRS.
3. An advertisement of size = z a (fraction of a page) in a media vehicle, it was assumed, would be seen by z proportion of the audience of the publication in the target audience group. There are no definitive studies either to prove or to disprove this assumption in the Indian context. 6 4. The model further assumed that if the proportion of individuals in the audience of media vehicles i j and i a were p; and p; resi a pectively, the proportion of individuals in the audience of both of them was assumed to be Pi x PI . It can be easily verified from data in i s the NRS report that such an assumption does not hold true in India.
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v c, These assumptions, particularly the inability to consider more than one target audience group, render the models of little value to a practitioner in India.
Clarion-Mote Model
A pioneering effort in India in the field of mathematical models for media planning was the development of a model by Clarion-McCann Advertising Services Limited in consultation with V.L. Mote. The model used the NRS data to develop a minimum cost press media plan to achieve the minimum reach and average frequency in several target audience groups.
As the model could consider many target audience groups, it was an improvement over others in this category. Unlike other models it also considered the practical requirement of putting a minimum number of insertions in a media vehicle if it was selected in the media plan. Personal discussions revealed that the major limitation of the model was underestimation of reach in target audience groups.
III. A Minimum Reach and
Frequency Model (MRF) Since the existing models of media selection are not suitable to Indian conditions, a new model was developed which would select a minimum total cost media plan so as to achieve:
1. A desired minimum reach in each of the target audience groups. 2. A desired average OTS per member reached in each of the target audience groups. 3. The actual number of insertions in each selected media vehicle between a minimum and a maximum number specified by the planner. A major difficulty in obtaining a solution of the above model is that the method of obtaining the minimum reach of a media plan is complex. A mathematical formulation for obtaining the minimum reach of a media plan is given in Appendix III. If this is incorporated in the model, it will not be possible to obtain a solution with existing techniques of optimization.
A Heuristic Method to Solve the MRF Model
To circumvent the problem, constraints (2) and (3) are combined to get a single constraint. As reach times the number of OTS per person reached is total OTS, constraints (2) and (3) To solve the original problem (1-4), the modified problem (1, 4, and 5) is first solved. As the solution to this problem gives the publications selected in the media plan, the reach and average OTS of this media plan are tested for each target audience group (through constraints 2 and 3). The calculation of reach is (5) made by solving the mathematical programme of Appendix II. If the reach and the average OTS achieved in each target audience group are more than the desired values, the media plan obtained is the best (optimal). However, it is possible that in one or more target audience groups the achieved reach and the OTS are less than desired. In such a case, increase the desired OTS in that audience group in the modified problem and resolve the modified problem. The procedure terminates when either all reach and OTS constraints are satisfied (solution obtained) or one or more reach and/or OTS constraint cannot be satisfied (implying that the media vehicles under consideration cannot achieve the desired values, i.e., no solution exists for the problem as defined).
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IV. Application of the MRF Model: A Zonal Media Plan
The MRF and the solution procedure outlined above were applied to develop a media plan for a frequently bought, low value, daily use convenience-packaged product in one of the four zones of India. The model required some judgemental data as well as some hard data.
Data for the Zonal Plan
The media plan was to be developed only for the western zone. The user decided that the target audience groups for the product were all adults residing in urban areas in:
1. Middle income category 2. Upper-middle income category 3. Upper income category 4. Gujarat State 5. Madhya Pradesh State 6. Maharashtra State.
The following data was then generated for the MRF model. The judgemental data was arrived at through discussions with the user.
1. Publications to be considered: In all, 46 publications were considered to be appro priate for advertising the product.
2. Minimum and maximum number of insertions: For each of the 46 publications, a minimum and a maximum number of insertions were specified. The minimum number of insertions was decided on the basis of the judgement that if a publication was included at all in the media plan, it would have a number of readers who did not read other publications; therefore, such readers should be provided a minimum number of OTS to get some response. The maximum number of insertions reflected the judgement of the user that a larger number of insertions would not lead to added response.
3. Minimum reach: On the basis of past research on the usership of the product and the expected sales in the period for which the media plan was being developed, reach targets in the three income groups for the zone as a whole were specified. Minimum reach was not specified in the three states because it was assumed that the reach in each income cate gory of a state would be proportional to the reach for the zone as a whole in that category (See Table 1 for the reach specified by the user).
4. Minimum average OTS: For the three income categories, it was thought that an average of 20 OTS per person would be required to evoke reasonable response from an individual.
5. Total OTS: The minimum total OTS desired in a state was specified as proportional to the sales potential of that state in the zone.
(Items 1-5 constituted the judgemental data required for the MRF model. In any application of the model the user has to provide these judgemental data.)
Media audience and cost data :
The audience of each of the 46 publications in each of the six target audience groups was obtained from the NRS report. Common audience of all combinations of two of the 46 publications in the three income categories (in which minimum reach was specified) was also required in the model. The NRS report provided common audience data on the basis of overall media vehicle audiences and not in each in come category. To obtain the common audience between any two publications in each income Vol.1, No.1, January 1976 category, the user agreed to make an assumption. The assumption was that the ratio of the common readership of one publication with another to its readership would be the same in all the income categories in a zone. For example, assume that 10% of all the readers of The Times of India also read The Indian Express. Then, in each of the income categories also, 10% of the readers of The Times of India were assumed to read The Indian Express.
The cost per insertion in each of the 46 publications was provided by the user.
Results
Using the above data, the MRF model was formulated and solved to obtain the minimum cost media plan. A comparison of the desired reach and OTS values in each target audience group and the values achieved by 1) a media plan developed by the user and 2) the plan developed by applying the heuristic method was made. Results of the comparison are presented in Table 1 . It may be noted that knowledge about the reach and average OTS per person for the user's plan could be had only by using the method of estimating reach suggested here.
These results showed that the media plan developed through the application of the method had about 40% lower cost in comparison with the plan developed by the user.
V. Advantages and Limitations of the MRF Model
The MRF model provides certain advantages to the media planner. But it has its limitations.
Advantages
Improvement of current practices:
Solution of the mathematical programme pro- 
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Vikalpa vides the user with an improved (lower cost) media plan as compared with the non-formal, manual methods. The improved results are mainly due to 1) a better method of estimating the minimum reach of a media plan and 2) a systematic search for improved solution through higher speed devices (computer).
Aid to judgement:
The decision para meters used in the model are the ones currently being used by advertising practitioners in India (i.e., reach and average OTS per person reached). As the methods of obtaining these parameters for a media plan were not well known so far in the profession, the use of even these parameters was not explicit. The MRF model forces a media planner to state explicitly the requirement of reach and average OTS which will be consistent with the general marketing objectives. As such the use of this model will, most probably, help the practitioners in sharpening their own judgement.
3. The model in its current form is capable of dealing with multiple target audience groups.
Limitations
1.
Only for press media: Since the model uses the NRS data, it is essentially meant for press media planning only. However, this is a data specific limitation rather than the limitation of the model itself. If detailed data on audience of individual vehicles of different media is available, the same model can be used for developing a multimedia plan or a separate media plan for radio and cinema.
2. Non-response model : The output parameters used in the model are only the reach and the average OTS and not the response of the audience groups. However, as pointed out earlier, the lack of research studies and un willingness of practitioners to provide judge mental data makes the formulation of a response model an impossible task for the time being. It is believed that experience with this model will stimulate efforts in future for more research on advertising response functions. Response functions will help in specifying the properreach and the OTS parameters for the MRF model.
Requirement of judgemental data :
It is possible to argue that the model requires consi derable judgemental data. However, in the absence of research work, it is necessary to use judgement. Also, it requires no more judge ment than what the practitioners are currently making and are familiar with.
4. No scheduling of advertisements : The model p ovides the total number of insertions in each publication and not their timing. This definitely is a limitation of the model. However, once again, if scheduling of advertisements has to form a part of the model, the effect of timing on target audience would have to be known. As already pointed out, response functions are not available so far in India.
5. Other limitations: The model, as it exists, does not consider the casual readership of publications. Steps in that direction are underway. Also, the solution procedure is only a heuristic which does not ensure the best results (minimum cost). In a set of small sample problems, the results obtained through the heuristic method were within 1-2% of the optimal results. This, however, does not ensure the same level of accuracy for large problems.
VI. Implementation of the MRF Model
As the model uses complicated mathematics and requires analysis of large data, a high speed facility with memory (like a computer) is necessary. For making the MRF model operational, the developmental effort will involve 1) writing computer programmes and 2) writing the entire NRS data on a magnetic tape which can be used along with the programme. All this effort is likely to cost Rs. 50,000 to 70,000 to a user, including the cost of the time of personnel. Operating costs of running the model for developing a media plan will include costs of punching of the input data, running the programmes on the computer, and interpreting the results. The total cost of developing a media plan, therefore, will include the operating expenses (which will vary according to the type of computer and the facilities that a computer centre offers) and an amortization Vol. 1, No.1, January 1976 47 amount towards the development costs.
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VII. Conclusions
This paper has presented a press media planning model which is consistent with the data and research work available in India. The model presented makes use of the hard data available from the NRS report and judgemental data of the type media executives have been using so far. Application of the model to a real life problem demonstrated a saving of about 40%.
However, this model is only a beginning towards helping the media executives in their decision processes. Significant research work needs to be done to arrive at advertising response functions (i.e., effect of media and media vehicle; size and position of the advertisement; and number of OTS on the response of target audience). It remains to be seen whether such functions can be developed for product category-market segmentwise or they will have to be brand specific. Once such research work is available, it can either be used to help the MRF model, extend it, or develop a totally new model which incorporates the audience response within the media planning model. Also, to develop a multimedia model, data about cinema and radio audiences, similar to that for press, will be needed. 8 The model described here is a total model for press media planning. Some important aspects of this model have already been operationalized in a model developed by a leading advertising agency in India.
